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1Abstract. High resolution spectra data of red clump
stars towards the NGP have been obtained with the high
resolution spectrograph Elodie at OHP for Tycho-2 se-
lected stars. Combined with Hipparcos local analogues, we
determine both the gravitational force law perpendicular
to the Galactic plane, and the total surface mass density
and thickness of the Galactic disk. The surface mass den-
sity of the Galactic disk within 800pc derived from this
analysis is Σ (jzj <800 pc) = 76 Mpc−2 and, removing
the dark halo contribution, the total disk mass density is
Σ0 =67 Mpc−2 at solar radius. The thickness of the to-
tal disk mass distribution is dynamically measured for the
first time and is found to be 390+330−120 pc in relative agree-
ment with the old stellar disk scaleheight. All dynamical
evidences concerning the structure of the disk (its local
volume density –i.e. the Oort limit–, its surface density
and its thickness) are compatible with our current knowl-
edge of the corresponding stellar disk properties.
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1. Introduction
We present a new dynamical determination of the Galac-
tic potential and Kz force perpendicular to the Galactic
plane. We measure the surface mass density of the Galac-
tic disk (i.e. the total amount of disk mass in a column
perpendicular to the Galactic plane) and also the thick-
ness of the vertical mass distribution of the disk at the
Sun. They are fundamental parameters of the Galaxy, de-
termining the disk contribution to the Galactic potential
and to the rotation curve. They also give valuable con-
straints to the disk properties. The “Kz problem” is tra-
ditional in Galactic dynamics and subsequent derivation
of the total mass density ρ0 (the Oort limit) has a long
history begining with ?) and ?). Comprehensive review
may be found in ?) and in ?). Most recent works may be
found in ?) and in ?) and references within. They favor
a low Oort limit ρ(z=0)= 0.076–0.10Mpc−3. Previous
surface mass density determinations (including only disk
contribution and removing the local halo contribution) are
Σ0= 5213 Mpc−2 (?), Σ0 =489 Mpc−2, (?).
Here, to investigate the vertical structure and poten-
tial of the Galactic disk, we have observed a sample of
red clump giants towards the North Galactic Pole with
a high resolution spectrograph (Elodie at OHP). Obser-
vations and properties of the sample are given in the pa-
per I of this series (?) where we detail the measurements
of abundances, absolute magnitudes and radial velocities,
and describe the sample properties. Atmospheric parame-
ters and absolute magnitudes of stars have been obtained
with the TGMET method (?) by comparing the observed
spectra to the TGMET library of similar spectra of Hip-
parcos stars with known characteristics. The method is ap-
plied in Paper I (?). The library is built from the ELODIE
database described in ?). The main advantage of selecting
red clump stars is that their luminosity function is sharply
defined in a small magnitude interval minimizing com-
pleteness bias (Malmquist or Lutz-Kelker), making more
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accurate their corrections. This remote sample has been
analysed combined to a local sample of similar Hipparcos
stars in a sphere of 125 pc around the Sun.
In Sect. 2, we describe the red clump sample definition
extracted from the general sample of bright red stars ob-
served at OHP (see Paper I) and the correction for the
Lutz-Kelker bias for the associated Hipparcos subsample.
The method to determine the potential Φ(z) and vertical
force Kz is classical but calls for some algebra because the
NGP samples cover wide solid angles on the sky (Sect. 3).
Results are presented in Sect. 4: we confirm with this in-
dependent stellar sample previous findings concerning the
disk surface mass density and we present the first obser-
vational constrain on the total thickness of the mass dis-
tribution of the Galactic disk.
2. The giant clump samples
Our sample consists of stars selected out of the Tycho-2
catalogue (?) and is described in Paper I (?). A selec-
tion in B − V colour has been applied to increase the
number of red clump stars with respect to dwarfs, sub-
giants, RGB and AGB stars. We have chosen the colour
interval 0.9< B−V < 1.1 that optimizes the detection of
red clump stars. The lower B − V limit at 0.9 rejects the
brightest main sequence stars (Mv < 5), some subgiants
and also most giants of the blue horizontal branch (the
”clump stars” with the lowest metallicities). The upper
B − V limit at 1.1 rejects most of RGB and AGB stars.
The selection criteria maximise the number of clump stars
with respect to dwarfs and red giants along the ascend-
ing branch but remain a mixture of those three types of
objects. Our stellar parameters determination (absolute
magnitude) allows to separate red clump stars from dwarfs
and from other giant stars. We combine our remote sample
with a local Hipparcos sample built with the same criteria
based on colours and absolute magnitudes. This procedure
is sketched in subsection 2.1. The distance limited sample
is built, using the Hipparcos catalog. This sample is af-
fected by the Lutz-Kelker bias, its composition as well as
the bias correction are given in subsection 2.2.
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Fig. 1. Properties of the observed stars. Horizontal dashed lines indicate our selection procedure for the red giant clump sample.
Circles denote stars belonging to our MV selection that are probably not clump stars (see text).
2.1. The NGP cone samples
In this study we are interested in the bright stellar pop-
ulation defined by the red clump stars allowing to probe
stellar populations far from the mid-plane.
Red clump stars were selected on an absolute magni-
tude and a colour criteria. Those criteria are defined to
maximize the number of stars but within a small absolute
magnitude interval. The reason is to minimize a priori
the Malmquist and/or Lutz-Kelker bias. Moreover, isolat-
ing clump stars allows to define a well defined sample in
term of stellar evolution. On Fig. 1, red clump stars ap-
pear as an overdensity mainly in the [MV, log g] and [log g,
Teff ] planes enabling us to perform a reliable selection.
An absolute magnitude interval is set, using the selection
of the overdensity, to retrieve a maximum of red clump
stars and a minimum of background stars. The horizontal
lines on the two right panels correspond to MV =0.4 and
MV = 1.15 which is the best compromise between the total
number of red clump stars and the number of background
objects in the resulting sample. Circles on the four panels
show stars that do not belong to the overdensity (i.e. the
red clump), but belong to the color and absolute magni-
tude selection. The number of stars in the sample rises
from 221 (overdensity selection) to 232 (absolute magni-
tude criteria) showing that a small fraction (< 5%) of
background stars are included.
The histogram on Fig. 2 draws the presence of the red
clump as a narrow peak at Mv=0.8. The two vertical lines
at Mv = 0.4 and 1.15 are our selection interval. Only a
few other type of giants contribute to the background.
This sample (two fields towards the NGP) is separated
in four subsamples, two distance-complete samples and
two magnitude complete samples, one for each field. The
resulting number of stars in each subsample is given in
Tab. 1, to be compared to the 537 similar stars extracted
from the Hipparcos catalogue (next section).
2.2. The Hipparcos sphere sample
A local sample of clump giants has been drawn from the
Hipparcos catalogue (?) which provides B and V magni-
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Table 1. Description of the north Galactic pole samples
Field dlow dup number of stars surface (square deg)
Field 1 226 616 85 309.4
Field 2 226 405 49 410.1
Field Vlow Vup number of stars surface (square deg)
Field 1 7.2 10.1 128 309.4
Filed 2 7.2 9.2 73 410.1










Fig. 2. Absolute magnitude histogram of the observed NGP
samples. The vertical lines define the selection of the red clump
stars around the central peak.
tudes, parallaxes and proper motions. This sample is cor-
rected from the Lutz-Kelker bias using ?) method which
is outlined in section 2.2.1. The selection criteria used for
extracting red clump giants is transposed to the Hipparcos
sample in order to ensure the homogeneity of the different
samples. The sample was completed with radial velocities
from the literature, the full description of its construction
is outlined in section ??.
2.2.1. Lutz-Kelker bias and corrections
Conversion of parallaxes into distances introduces a bias,
stars appearing statistically further away than they re-
ally are. Since the proposed correction of this bias by ?),
other methods have been proposed (??). To adjust the
overall distribution and also the individual values, we use
the process of ?) that allows us to correct the magnitude
bias according to the precise shape of the LF. The same
method has been applied by ?) to analyse Hipparcos gi-
ants. Here we derive the formal correction for distances.
The later corrections enable us to defined a volume limited
sample, free from Lutz-Kelker bias.
Relating the observed absolute magnitude Mobs to the
true absolute magnitude Mtrue, we can write the unbiased
estimator of Mtrue as:
<Mobs + ∆M > = Mtrue,
where ∆M is the corrective term. It follows that





where P(MtruejMobs) is the conditional probability that
the absolute magnitude is Mtrue if the observed one is
Mobs. We derive dP(MtruejMobs) which is proportional
to P(pitruejpiobs)dpitrue (?). P(pitruejpiobs) is the conditional
probability that piobs being the observed value, the real
parallax is pitrue. Under the assumption of gaussian errors
on the parallaxes and for a uniform density of stars, this












where Φ(Mtrue) is the luminosity function of the studied
tracer population. We assume a gaussian distribution for
red clump stars with mean <M > and standard deviation
σRC . Therefore Φ(M) writes











where the second order polynomial represents the contri-











Mtrue  5 log(pitrue) + m− 5
m being the apparent magnitude of the star (noting that
we are dominated by errors on the parallaxes and that
errors on apparent magnitude are negligible), and

















Using the same approach, we derive the mean correction
to be applied to the distances. This correction is given by
<∆d> =
∫1
0 Gpiobs(pitrue)
(
1
pitrue
− 1piobs
)
dpitrue∫1
0
Gpiobs(pitrue)dpitrue
. (4)
